Numerous population samples from around the world have been tested for Y chromosome-specific p49af/TaqI restriction polymorphisms. Here we review the literature as well as unpublished data on Y-chromosome p49a,f/ TaqI haplotypes and provide a new nomenclature unifying the notations used by different laboratories. We use this large data set to study worldwide genetic variability of human populations for this paternally transmitted chromosome segment. We observe, for the Y chromosome, an important level of population genetic structure among human populations (FsT = .230, P < .001), mainly due to genetic differences among distinct linguistic groups of populations (FCT = .246, P < .001). A multivariate analysis based on genetic distances between populations shows that human population structure inferred from the Y chromosome corresponds broadly to language families (r = .567, P < .001), in agreement with autosomal and mitochondrial data. Times of divergence of linguistic families, estimated from their internal level of genetic differentiation, are fairly concordant with current archaeological and linguistic hypotheses. Variability of the p49a,f/TaqI polymorphic marker is also significantly correlated with the geographic location of the populations (r = .613, P < .001), reflecting the fact that distinct linguistic groups generally also occupy distinct geographic areas. Comparison of Y-chromosome and mtDNA RFLPs in a restricted set of populations shows a globally high level of congruence, but it also allows identification of unequal maternal and paternal contributions to the gene pool of several populations.
Numerous population samples from around the world have been tested for Y chromosome-specific p49af/TaqI restriction polymorphisms. Here we review the literature as well as unpublished data on Y-chromosome p49a,f/ TaqI haplotypes and provide a new nomenclature unifying the notations used by different laboratories. We use this large data set to study worldwide genetic variability of human populations for this paternally transmitted chromosome segment. We observe, for the Y chromosome, an important level of population genetic structure among human populations (FsT = .230, P < .001), mainly due to genetic differences among distinct linguistic groups of populations (FCT = .246, P < .001). A multivariate analysis based on genetic distances between populations shows that human population structure inferred from the Y chromosome corresponds broadly to language families (r = .567, P < .001), in agreement with autosomal and mitochondrial data. Times of divergence of linguistic families, estimated from their internal level of genetic differentiation, are fairly concordant with current archaeological and linguistic hypotheses. Variability of the p49a,f/TaqI polymorphic marker is also significantly correlated with the geographic location of the populations (r = .613, P < .001), reflecting the fact that distinct linguistic groups generally also occupy distinct geographic areas. Comparison of Y-chromosome and mtDNA RFLPs in a restricted set of populations shows a globally high level of congruence, but it also allows identification of unequal maternal and paternal contributions to the gene pool of several populations.
Introduction
The Y chromosome is currently subject to numerous studies aiming at assessment of the extent of human genetic variability that can be attributed to men. This interest is motivated by the fact that, for most of its length, the Y chromosome can be seen as a single uniparentally transmitted linkage group, allowing deduction of the paternal counterpart to the history of maternal lineages, which is revealed by mtDNA studies (Maynard Smith 1990; Paabo 1995) .
It is well known that, as revealed by RFLPs and DNA sequences, the Y chromosome does not exhibit as much polymorphism as the autosomes or the X chromosome (Jakubiczka et al. 1989; Malaspina et al. 1990; Jenkins 1992a, 1992c; Dorit et al. 1995; . Whether it is necessary to invoke episodes of selective sweeps to account for this relative lack of variability is a matter of discussion (Dorit et al. 1995; Whitfield et al. 1995b; Goldstein et al. 1996; Underhill et al. 1996; Tavare et al. 1997 ). This reduced level of polymorphism has also triggered the search for population specific Y-chromosome haplotypes that could act as markers of population founding events. These studies include simple repeat sequences (Roewer et al. 1992; Santos et al. 1993; Gomolka et al. 1994; Muller et al. 1994 ; Pena et al. 1995) , an Alu insertion (Persichetti et al. 1992; Hammer 1994; Spurdle et al. 1994a) , the sequencing of large portions of the Y chromosome, Y chromosome-specific sequence-tagged sites (Ellis et al. 1990; Seielstad et al. 1994; Dorit et al. 1995; Whitfield et al. 1995a Whitfield et al. , 1995b Underhill et al. 1996) , and combinations of several polymorphisms to construct compound haplotypes (Oakey and TylerSmith 1990; Persichetti et al. 1992; Jobling 1994; Mathias et al. 1994; Ciminelli et al. 1995; Hammer and Horai 1995; Jobling and Tyler-Smith 1995; Jobling et al. 1996; Ruiz Linares et al. 1996; Spurdle and Jenkins 1996; G. Passarino, unpublished data) . The variability of these markers at the worldwide scale has recently started to be documented (e.g., see Deka et al. 1996 ; Santos et al. 1996 ; Hammer et al. 1997; Karafet et al. 1997; Zerjal et al. 1997) , promising new insights into the history of our species.
The human Y chromosome-specific p49a,f/TaqI polymorphism, described >10 years ago (Ngo et al. 1986 ), does not fall into the low-variability category of conventional Y-specific RFLPs, since >100 distinct haplotypes have already been identified (appendix A). The p49a and p49f probes, 6 kb distant from each other, are subclones of cosmid 49 (Bishop et al. 1983 ) that hybridize to the DYS1 locus on the Y-chromosome long arm (Ngo et al. 1986 ). The DYS1 locus has recently been shown to correspond to the DAZ gene cluster (Saxena et al. 1996) , located on the human Y-chromosome AZF (A Zoospermia Factor) region. The DAZ gene (Deleted in A Zoospermia), encoding an RNA-binding protein that is most probably involved in spermatogenesis, would have been transposed to the Y chromosome from a homologous gene on chromosome 3 (DAZH) prior to the divergence of orangutans from the human lineage, giving rise to the Y chromosome-specific DAZ gene (Saxena et al. 1996) . Part of the genomic sequence of DAZ is organized into nine tandem repeats of highly homologous 2.4-kb segments, and several copies of the DAZ gene could be present in the AZF region of the Y chromosome (Saxena et al. 1996) . The sequences of the probes p49f and p49a have been shown to match, respectively, the first and the fourth of the nine DAZ 2.4-kb tandem repeats (Saxena et al. 1996, fig. 5 ).
After TaqI digestion, probes p49f and p49a detect, in combination, 18 restriction fragments of different sizes, named "A"-"R," by size order, with fragment A being the largest and fragment R being the smallest. These fragments are male specific and correspond to the DAZ gene cluster, except for fragments K and L, which correspond to DAZH on chromosome 3 (Saxena et al. 1996, fig. 7 ). At least five fragments (A, C, D, F, and I) are considered polymorphic because they can be either present, absent, or, in the case of A, D, F and I, variable in size. For the A, D, and F series, the co-occurrence of several "allelic" fragments of distinct sizes is observed in a number of haplotypes (e.g., A3/A2 in haplotype 29; see appendix A). Also, fragments generally considered as constant bands (such as B, G, and H) are missing in several haplotypes, and additional new fragments are occasionally observed. Different mutation mechanisms had been proposed to explain this polymorphism (Ngo et al. 1986; Torroni et al. 1990b; Spurdle and Jenkins 1992b; Santachiara-Benerecetti et al. 1993 ) before the description of the DAZ gene cluster. It is now likely that the marker p49a,f/TaqI reveals a polymorphism specific to the array of 2.4-kb tandem repeats of DAZ, a polymorphism that could be due to different mechanisms: (1) nucleotide substitutions in the sequence of some 2.4-kb tandem repeats could account for the distinct fragment series (e.g., A, B, C, etc.) observed in p49a,f/TaqI electrophoretic profiles; (2) variation of the number of 2.4-kb tandem repeats within a DAZ unit could lead either to the missing fragment phenotypes (e.g., AO, C0, GO, etc.) or to additional fragment phenotypes (e.g., +3.5 kb, etc.); and/or (3) divergence of the sequences of the same repeats on distinct copies of the DAZ gene could account for the observation of different alleles of homologous fragments (e.g., A3/A2, D2/D1, etc.) in the same individual. Checking the validity of these complex mutation mechanisms is clearly beyond the scope of the present paper, and we will not attempt to do it here. However, in order to reflect the uncertainties of the evolutionary relationships between the haplotypes, we hereafter will use the terminology "band group" to refer to the distinct fragment series (e.g., A, C, D, etc.), and we will give the same weight to any mutation affecting a haplotype (see below).
The p49a,f/TaqI polymorphic system has already been tested on >70 samples worldwide. This important data collection thus provides a unique opportunity to investigate Y-chromosome variation at both large and fine scales. In this study, we review all data available in the literature on this polymorphic system, and we also incorporate unpublished data from several populations. Figure 1 Geographic location of 58 samples used in analysis of Y-chromosome p49a,f/TaqI variability. Port Said, Kuala Lumpur, and Uelen are the three intercontinental gateways used to compute geographic distances between populations from different continents (see text).
even though the data are still unpublished (A. S. Santachiara-Benerecetti, unpublished data). We thus gathered a total of 58 samples (appendix B and fig. 1 ), representing the analysis of 3,767 chromosomes for the p49a,f/TaqI polymorphism.
Statistical Analyses
Population genetic-structure indexes were estimated by use of the analysis-of-molecular-variance approach (AMOVA) , which leads to F-statistics indexes averaged over all band groups (Michalakis and Excoffier 1996) . In this analysis, both haplotype frequencies and molecular differences between the haplotypes are taken into account. Because of our ignorance concerning the exact mutation mechanism leading to the observed polymorphism, we consider all allelic variants of a given band group as equally distant from each other. The number of band-group differences is then taken as a genetic distance between pairs of haplotypes. Giving the same weight to different types of allelic differences is certainly a conservative assumption with regard to the detection of genetic structure. Variance components due to different sources of variation (between individuals within demes, between demes within populations, and between populations) were estimated, and their significance was tested by use of a nonparametric permutational procedure . Genetic distances between populations were obtained as coancestry coefficients, or linearized pairwise FST values (Reynolds et al. 1983) . The significance of the genetic distance between any pair of populations was tested by use of a resampling permutational procedure . The genetic distances were considered significant if their associated probability was <5%. The matrix of genetic distances between 58 population samples was used as input for a multidimensional scaling analysis (Kruskal 1964) .
Possible factors of population genetic differentiation were studied by means of correlation and partial correlation coefficients computed between genetic-, geographic-, and linguistic-distance matrices. The geographic-distance matrix was build up as a matrix of the logarithm of great-circle distances between pairs of populations, on the basis of sample geographic coordinates ( fig. 1 and appendix B) . In order to make these distances more realistic, the path between any two populations located on different continents was forced to pass through the following three gateways: Port Said (Egypt), between sub-Saharan Africa and Eurasia; Kuala Lumpur (Indonesia), between mainland and insular Southeast Asia; and, finally, Uelen (Siberia), between Asia and America (see fig. 1 ). The matrix of pairwise linguistic distances among populations was built up according to the method described by Excoffier et al. (1991) and the language classification, by Ruhlen (1987) , of worldwide linguistic families. Linguistic distances between pairs of populations were defined as simple dissimilarity indexes. The way in which these dissimilarity indexes have been constructed assumes that the classification of linguists reflects the historical fissions from common ancestral languages within families and that the differences between language families are much larger than the differences between languages belonging to the same family. In more detail, they were computed as follows: two populations within the same language family are set to a distance of 3 if they belong to different subfamilies; their distance is decreased by 1 for each shared level of classification-up to three shared levels, where their dis-tance is set to 0. The linguistic distance was not refined any further at the intrafamily level, for two reasons: first, linguistic families are not all characterized with the same level of precision by the classification at hand, and, second, the linguistic classification of the available populations was possible only up to a certain degree. Finally, because the evolutionary distances between language families are still largely unknown but assumed to be important, a dissimilarity index of 8 was arbitrarily assigned to any pair of populations belonging to different language families. The linguistic assignation of the 58 samples into 10 distinct linguistic families is given in appendix B. In the Results section, we discuss the effect of alternative weighting schemes. The genetic-, geographic-, and linguistic-distance matrices were then used as input for pairwise and multiple Mantel tests (Mantel 1967; Smouse et al. 1986 ).
Male-mediated genetic diversity was compared with female-mediated genetic diversity in a subset of 19 samples previously tested for mtDNA RFLPs by use of five enzymes (AvaII, HpaI, HaeII, MspI, and BamHI) available from the literature. Some individuals may have been tested for both Y-chromosome and mtDNA markers in the same population, but this information was not available to us. Levels of population genetic structure estimated for both Y-chromosome and mtDNA polymorphic systems were compared. Patterns of female-and male-population genetic differentiation were analyzed by means of principal-coordinates analyses using the statistical package NTSYS, version 1.8 (Rohlf 1993) . The strength of the association of populations' genetic affinities observed through Y-chromosome and mtDNA data was tested with correlation and partial correlation coefficients.
Results

Haplotype Geographic Distribution
After the initial numbering of 16 p49a,f/TaqI haplotypes presented in the study by Ngo et al. (1986) A subset of 126 haplotypes were observed in the 58 samples used in this analysis. Among these, only 43 were observed at a frequency of > 5% in at least one sample.
Only a few haplotypes (4, 5, 7, 8, 11, 12, and 15) were observed at frequencies > 5% in several samples of at least two continental regions. Globally, we observe that the p49a,fITaqI polymorphism displays a diversity pattern in which a few haplotypes are found at high frequencies in populations from a given linguistic family, along with a number of rare haplotypes often not seen anywhere else.
We report in appendix C the mean frequencies of the most common haplotypes in the major linguistic groups. Haplotypes 5 and 11 are the most ubiquitous haplotypes, since they are observed in almost all the samples analyzed. Haplotype distribution in Niger-Congo samples is characterized by the presence of haplotype 4 at very high frequencies (>50% in all samples but the Xhosa), as well as by the presence of haplotype 5 at substantial frequencies, together with a few low-frequency haplotypes. In the Afro-Asiatic and Indo-European groups, it is common to find a few haplotypes (5, 7, 8, 11, 12, or (Torroni et al. 1990b Persichetti et al. 1992; Jenkins 1992b, 1996; SantachiaraBenerecetti et al. 1993; Semino et al. 1996 ; G. Passarino, unpublished data).
Tests of Selective Neutrality
The hypothesis of selective neutrality and population equilibrium under the infinite alleles model was rejected by the Ewens-Watterson neutrality test (Watterson 1978) Figure 2 Multidimensional scaling analysis of 58 samples tested for Y chromosome-specific p49a,f/TaqI polymorphism. Genetic and linguistic distances are significantly correlated (r = .567, P < .001). present a frequency distribution statistically different from that expected under the hypothesis of neutrality and population equilibrium. Note that the Khoisanspeaking Dama sample, for which selective neutrality was rejected, also presents a haplotypic configuration similar to that observed in Niger-Congo samples.
Genetic Structure
A multidimensional scaling analysis revealing broad genetic affinities between populations is shown in figure  2 . Three main clusters of genetically closely related populations are observed: a Niger-Congo group, an AfroAsiatic group, and an Indo-European group. As previously observed for a smaller number of samples (FcT = .332 ). In agreement with figure 2, a lower level of population structuration is observed between Indo-European and Afro-Asiatic populations (FCT-.083).
Linguistics and Geography
Correlation and partial correlation coefficients between geographic, linguistic, and genetic distances are reported in table 2. All correlation coefficients observed are high and significant (P < .001), suggesting that both geographic and historical factors have participated to the genetic differentiation of these populations. Geographic proximity and linguistic classification, considered as two predictor variables, are themselves highly correlated (r = .588, P < .001), reflecting the fact that linguistic differentiation follows a strong pattern of geographic structuration.
As shown in table 2, -38% of the genetic variance is explained by geography, and -44% is explained when one adds linguistics. Conversely, linguistics alone explains only -32% of the genetic variance, and hence the geographic location of the populations contributes marginally more than linguistics to the prediction of genetic distances. Nonetheless, the two significant partial correlation coefficients reported in table 2 indicate that both predictor variables influence the observed genetic variability in different ways. However, one has to keep in mind that 56% of the observed genetic variability is due to unknown factors, other than geography and linguistics.
Because of the present lack of quantitative tools to accurately estimate linguistic relationships, our estimates of linguistic distances are certainly a crude approximation of evolutionary relationships between languages. Since the scale of values chosen to reflect linguistic differences (0, 1, 2, 3, and 8) was based on an a priori decision, we investigated the effect of varying the value of the dissimilarity index assigned to pairs of populations belonging to distinct linguistic families. We found that the correlation between genetics and linguistics increased when more weight was given to differences between language families. However, the correlation quickly reached an asymptote for values >8. Indeed, when interfamily distances of 4, 6, 8, 10, and 16 were used, the correlation coefficient, r, between genetic distances and linguistic distances was found to be equal to .517, .559, .567, .570, and .571, respectively (all values significant [P < .001]). Thus, we can conclude that the relationship between language and genetics would not be drastically affected by alternative weights given to language-family differences.
Comparison with mtDNA
The genetic diversity patterns of a subset of 19 populations studied for both Y-chromosome p49a,f/TaqI haplotypes and mtDNA low-resolution RFLPs were compared. The number of individuals tested for Y-chromosome (n = 1, 428) and mtDNA markers (n = 1, 478) is very similar, and the number of distinct haplotypes found in the two data sets is identical (91 haplotypes). We observe a globally higher level of population structuration for mtDNA (FST = .271, P < .001) than for the Y chromosome (FST = .191, P < .001), but the difference between the two statistics could not be tested. The results of two separate principal-coordinates analyses are shown on figure 3. Two separate clusters are clearly visible: a Niger-Congo cluster and another cluster, including mostly Indo-European samples.
Comparably low levels of genetic variability are found, for both systems, within the group of Indo-European samples (FSTY = .055, P <.001, FSTDNA = .024, P < .001). Contrastingly, in the Niger-Congo cluster, we observe a much lower level of population structure for the Y chromosome (FSTY = .023, P < .01) than for mtDNA (FST DNA = .163, P<.001). This had first been interpreted as a drastic reduction in genetic variability for the Y chromosome among Niger-Congo populations . However, we now find that the large level of mtDNA diversity among Niger-Congo populations can be attributed entirely to the Herero sample (fig. 3) figure 3a is mainly due to linguistic differences between populations. Another interesting feature emerging from table 3 is the lack of significant correlation between mitochondrial polymorphism and geography or linguistics once Y-chromosome polymorphism is taken into account. Since the correlation between these two predictor variables and Y-chromosome polymorphism is preserved when mitochondrial polymorphism is controlled, it suggests that female-mediated genetic diversity can be better predicted from the knowledge of male-mediated diversity than vice versa.
Discussion
The pattern of populations' genetic affinities inferred from the Y-chromosome p49a,f/TaqI polymorphism is very similar to that inferred from conventional genetic markers (Cavalli-Sforza et al. 1988; Nei and Roychoudhury 1993; Sanchez-Mazas et al. 1994) , nuclear DNA (Tiercy et al. 1992; Bowcock et al. 1994) , and mtDNA , in the sense that population clus- (Soodyall and Jenkins 1993) ; Ita = Italians (Brega et al. 1986 ); Man = Mandenka (Graven et al. 1995 (Deka et al. 1996) . A hierarchical analysis of variance reveals that -25 % of the total diversity is due to differences among language families (table 1), whereas only 5% of the variance is due to differences among populations within language families, which agrees with the population clustering pattern observed in figure 2. It thus confirms that the high FsT level (.230) discussed above reflects mainly the large differences between the clusters of populations defined in figure 2 . If the extent of molecular differences between haplotypes is not taken into account and genetic structure is estimated from mere (NSa) .231 (NSa) found within each linguistic group, it appears that mutations are more important in distinguishing between linguistic groups than in differentiating populations belonging to the same language family.
Differentiation Within and Between Language Families
Our present analysis supports the existence of distinct genetic entities correlated with linguistic families in subSaharan Africa ( fig. 2 ), in keeping with results obtained with classical markers (Excoffier et al. 1987 (Excoffier et al. , 1991 . This view is reflected by the sharp differentiation observed among African populations belonging either to the Niger-Congo, the Afro-Asiatic, or the Khoisan language families. The Niger-Congo group, extending geographically from western to southern Africa, shows the lowest level of internal genetic diversity, a result that is compatible with the hypothesis of a recent dispersal of NigerCongo populations (Greenberg 1963; Phillipson 1977; Ehret 1984; Vansina 1984) . This recent expansion event could also explain the high proportion of neutrality-test rejections among Niger-Congo samples, since sudden expansions also lead to highly unbalanced haplotype frequency distributions (Maruyama and Fuerst 1985; Watterson 1986 ). An approximation of the time of divergence of Niger-Congo populations can be derived from the observed FsT value of .039, by use of the wellknown relationship FST = 1 -/(1 -N)t. This equation relates the level of population differentiation to the effective population size, N, and the divergence time, t, and assumes that population differentiation is due only to genetic drift, which seems reasonable if divergence time is small. If we use a male effective population size of 5,000 individuals Goldstein et al. 1996; Tavare et al. 1997) , we find an estimated t = 199 generations, or -4,000 years if 20 years/generation is assumed. This time is certainly underestimated, since the equation above was derived by assuming that there has been no gene flow between populations since their simultaneous divergence. However, this divergence time for Niger-Congo populations is in very good agreement with archaeological and linguistic estimations for the expansion of Bantu speakers from the Niger-Congo border (Greenberg 1963; Phillipson 1977; Ehret 1984 ; Vansina 1984) . It could imply that the large migration that spread Bantu speakers to central and southern Africa would have been accompanied by a similar expansion toward western Africa. An alternative hypothesis required to explain this low level of diversity would invoke an episode of selective sweep that had been restricted to Niger-Congo Y chromosomes and that had favored haplotype 4. Because we observe comparably low levels of variability, among Niger-Congo populations, for mtDNA but also for other nuclear markers (Excoffier et al. 1991) , a recent geographic range expansion seems to be a more plausible explanation.
Divergence times can also be computed for other linguistic groups. Samples of Khoisan speakers show a very high level of internal genetic diversity, a result that holds, whether or not the Dama are considered as belonging to this group (FST = .144 or FsT= .129, respectively).
Since the two San populations of hunter-gatherers have a much smaller population size, genetic drift certainly had a much stronger impact on the differentiation process. Thus, if an effective population size of 500 individuals is assumed, only 70 generations (1,400 years) are necessary to produce an FST value of .129. As the Khoisan effective population size is not known with any precision, this recent divergence could even be overestimated. The FST value of .085 in the Afro-Asiatic group leads to a slightly larger estimate of divergence time, -8,900 years, in accordance with some estimates put forward on linguistic and archaeological grounds (Renfrew 1991) . For the sampled Indo-European populations, an observed FST of .071 leads to an estimate of 368 generations (7,400 years) of divergence time, in good agreement with the attested spread of Neolithic farmers in Europe, by demic diffusion from the Middle East (Ammerman and Cavalli-Sforza 1984; Renfrew 1987 Renfrew , 1991 .
As shown on figure 2, there are indications of relatively close genetic affinities between Afro-Asiatic and Indo-European groups of populations, despite the linguistic barrier. Populations from the Oriental part of the Mediterranean basin, as well as Ashkenazim samples, show genetic affinities with both the Afro-Asiatic and the Indo-European linguistic groups, which may be due to their intermediate geographic location. Alternatively, this relationship could be due to a recent common origin of the two language families, which have been recently grouped into the Nostratic superfamily, thought to have originated in the Middle-East (Kaiser and Shevoroshkin 1988; Dolgopolsky 1989; Bomhard and Kerns 1994) . Note that the Spanish Basques, who do not belong to the Indo-European group, appear also genetically quite distinct from European populations, with regard to their male-transmitted genes. This is in keeping with observations based on classical markers (Bertranpetit and Cavalli-Sforza 1991; Calafell and Bertranpetit 1994) , but it strongly contrasts with results based on the sequencing of mtDNA (Bertranpetit et al. 1995) , which would indicate a larger extent of female-mediated versus male-mediated gene flow into the Basque population.
Contrasting Male and Female Patterns of Gene Flow
Although the overall pattern of population differentiation globally appears to be very similar for male-and female-transmitted markers ( fig. 3 ), some populations clearly show different affinities for their maternal and paternal genetic components, as already noticed for Ethiopian Jews (Zoosmann-Diskin et al. 1991) , Arab tribal groups in the Sinai Peninsula (Salem et al. 1996) , Finns (Zerjal et al. 1997) , and Basques (as discussed above). For instance, as mentioned above, the Khoisan-speaking Dama show very strong genetic affinities with NigerCongo populations, for p49a,f/TaqI markers, a result that is in agreement with their supposed Bantu origin (Spurdle and Jenkins 1992b) . They bear, however, obvious Khoisan features with regard to their mtDNA RFLPs, such as haplotypes 3 and 5 and their derivatives. This clearly suggests that this population has been founded by males of Bantu origin while retaining Khoisan features by the incorporation of female Khoisan speakers. According to the first axis of the two-principalcoordinate analyses in figure 3 , the Ethiopian sample is more differentiated, from other African samples, for the Y chromosome than for mtDNA. This holds true when additional microsatellite markers on the Y chromosome are analyzed, and it has been attributed to unequal patterns of male and female gene flow between the MiddleEast and Ethiopia (G. Passarino, unpublished data). The Niger-Congo-speaking Lemba sample is extremely divergent from other sub-Saharan Africans and shows close affinities with Afro-Asiatic populations ( fig. 2) , which is in agreement with the postulated Semitic origin of this population Jenkins 1992b, 1996) . Finally, the Herero are -not significantly different from Niger-Congo populations, with regard to Y-chromosome polymorphism, whereas they present large differences with regard to their mitochondrial genome ( fig.  3) . The presence of the typical Khoisan mitochondrial RFLP haplotypes 3 and 21 in the Herero suggests that they have certainly incorporated Khoisan genes through female gene flow.
Even though the global pattern of populations' genetic differentiations is mostly similar for mtDNA and the Y chromosome, differential gene flow through men and women, resulting in unequal contributions to population gene pools, as exemplified above, may indeed have been a fairly common phenomenon throughout the history of our species. The relationships of Y-chromosome and mtDNA genetic distances with geography and linguistics in 19 populations presented in table 3 suggest that the differentiation of cultures has left a stronger mark in the male-specific component of the human genome than in its female counterpart. The fact that the Y chromosome explains mtDNA relationships with geography and language but that mtDNA does not explain Y-chromosome relationships with these factors (see table 3 ) is compatible with the idea (a) that, in expanding populations, men and women would have traveled together and that local women (but not men) would have been recruited during and after the migrations or (b) that it would have been easier for women to cross cultural boundaries. As a consequence, the female-specific diversity of our genome would fit less well with geography and linguistics than would our male-specific component. Additional comparative studies between mitochondrial and Y-chromosome polymorphisms are clearly necessary to confirm the present interpretation and to see whether it can be extended to groups other than Niger-Congo and IndoEuropeans, whence most of our samples came. If that were to prove to be the case, then the common belief that we speak our mother's tongue should be revised in favor of the concept of a "father's tongue." Appendix A The nomenclature and reference sources for the haplotypes used in the present study are provided in table Al. Table Al Haplotype bThe additional 5.2-kb fragment (haplotype 33) was considered to be the same as the 5.9-kb fragment F2 (haplotype 77); the additional 2.5-kb fragment (haplotypes 34, 127, and 144) was considered to be the same as the additional 2.7-kb fragment (haplotype 113); and the additional 3.5-kb fragment (haplotype 42) was considered to be the same as the additional 3.7-kb fragment (haplotype 103). For further information, see the original references.
c Observing concomitant absence of bands B, H, P, and R (haplotype 39, in one ltalian individual), Torroni et al. (1990b) suggested that the loss of these four fragments was due to a single mutational event (a deletion). Haplotype 39 was observed in an additional six individuals (from Czechoslovakians, Turks, Greeks, and Albanians), and the same pattern of absent bands was observed in association with haplotype 88 (one Czechoslovakian individual). Spurdle and Jenkins (1992b) observed the absence of bands B and H in haplotype 57 (two Tsumkwe San individuals). The electrophoretic resolution that these authors used did not allow them to identify fragments beneath the 0 band, but they note that, in at least one case, they were able to observe the absence of band H, associated with the absence of band P; the present nomenclature does not reflect this latter case. Since all haplotypes identified by Spurdle and Jenkins (1992b) would have to be checked for the presence or absence of fragments beneath the 0 band, we tentatively considered that they all bear bands P and R. Furthermore, the absence of band R, associated with the presence of bands B, H and P, was observed in haplotype 86 (one Czechoslovakian individual), and the absence of band P, associated with the presence of bands B, H. and R, was observed in haplotype 143 (one Albanaian individual). We thus tentatively considered the absence of the B. H, P, and R fragments as being four independent mutational events.
Appendix B
Background information and references sources for the 58 samples used in the present study are provided in table B1. 
